defines water activity or a,., as a fundamental property of aqueous solutions that is equal to p/po, where p is the vapor pressure of the solution and po is the vapor pressure of the solvent. The a,, also is numerically equal to the corresponding relative humidity expressed as percentage divided by 100. Mossel and van Kuijk (1955) expressed availability of water in terms of the equilibrium relative humidity (h) which is numerically equal to a,,,.
by the combination of these two factors to a greater extent than if only one factor was made adverse.
Christian (1955) showed that the range of a,,, for growth was appreciably smaller for Salmonella oranienburg in a chemically defined glucose-salts medium than in a complex medium and the lower limit of growth was 0.97 a.. The addition of five amino acids and eight vitamins to the defined medium permitted growth down to 0.95 a,,,.
It may be, however, as Scott (1957) states, that the limiting a,,, for growth is substantially independent of nutrient supply provided certain minimal requirements are satisfied.
The purpose of the present work was to determine whether Aerobacter aerogenes has the same water requirements as P. fluorescens or if it differed in its water requirements. The effects of absence or presence of malate on the a,,, requirements of A. aerogenes were observed incidentally.
MATERIALS AND METHODS
A strain of A. aerogenes from the stock cultures of the department was used throughout. Repeated tests on this strain had shown it to have the characteristics of A. aerogenes described in Bergey's Manual of Determinative Bacteriology (Breed, Murray, and Smith, 1957) . Precautions were taken to keep the inoculum the same size and age (10 hr) for all experiments so that the original inoculum was about 100,000 bacteria per ml of medium. The basal medium for the propagation of the inoculum, for the stock cultures, and for the experiments contained, per liter, 5 g tryptone (Difco) and 3 g yeast extract (Difco (Hinshelwood, 1946) were calculated by determining the time which elapsed after inoculation to a point on the inoculum baseline where the extrapolated linear portion of an average growth curve cut the baseline.
A statistical analysis was performed on the data for each environmental condition. Comparisons between conditions were made by Duncan's (1955) multiple range test after the data were transformed to logarithms. The data were transformed to logarithms since the effects observed were multiplicative. When the data were transformed, the effects were additive and the data were in appropriate form for Duncan's multiple range tests. Since the error mean square was calculated from one set of data, it was advisable to use the 0.01 level of probability in testing for significance instead of the customary 0.05 level of probability. When the 0.01 level is used to test for significance it enhances the possibility of making type II errors by claiming no significance, when significance actually exists.
RESULTS
Effect of a. on apparent lag phase at pH 7.0, 3.9, and 8.4. In Tables 1, 3 , 5, and 7 it is shown that as the a, of the medium was lowered by the addition of KCI, the apparent lag phase of A. aerogenes was progressively lengthened at any one temperature until a level of a, was reached where no growth was observed for the duration of an experiment.
Effect of a, on generation time during logarithmic phase at pH 7.0, 3.9, and 8.4. Tables 2, 4, 6, and 8 indicate that as the a,,, was lowered by the addition of KCl, the generation time in the logarithmic phase of growth was progressively increased at any one temperature until a level of a,,, was reached where no growth was observed for the duration of an experiment.
Effect of temperature on growth at various levels of aw at pH 7.0, 3.9, and 8.4. It is evident from a comparison of the generation times in Tables 2, 4 , 6, and 8 that as the temperature was lowered from the optimum for generation time (37 C), the tolerance of the organism to low a,,, became progressively less. Tables 1, 3 , 5, and 7 indicate that the apparent lag phase was increased beyond what would normally take place if the tempera- Tables 1 to 8 , shows the effect of high and low pH on growth. When the pH was raised to 8.4, which is near the maximal pH permitting the initiation of growth, the tolerance of the organism to low a,, was greater than at 7.0. When the pH was made more acid, and lowered to 3.9, which is near the lower limit phase at pH 3.9 was significantly longer than at pH 7.0 at all a,, levels where growth occurred. Where a significant difference did occur, the generation time in the logarithmic phase of growth was usually longer at acid and alkaline pH values than within the optimal pH range. Effect of combined pH and temperature on growth at various levels of a.. Comparison of Table   5 with 7 and Table 6 with 8 indicated that as the temperature was lowered and the pH was made acid the organism required a much higher level of a,, for growth. The organism needed more water under these conditions, than if only one environmental condition was made inhibitory. Both the apparent lag phase and the generation time were increased to a greater extent than if only one factor was varied: When the pH was made more alkaline (Tables  1 and 2 versus 3 and 4) , and the temperature was lowered, the organism required less available water than at a neutral pH value at the same temperatures. The organism needed less water, under these conditions, than if only one of the environmental conditions was made adverse. Also, the apparent lag phase was decreased at pH 8.4 to a greater extent than if only one factor was varied. The generation times were not similarly affected by the two factors.
Effect of malate on growth at various levels of a, at pH 7.0. Comparison of the apparent lag times (Tables 1 and 5 ) and the generation times (Tables 2 and 6 ), in the presence and absence of malate, showed the effect of malate on growth.
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In the presence of malate the tolerance of the organism to low a, was greater than in the absence of malate. Both the apparent lag phase and the generation time were longer in the malatedeficient medium than in the malate medium.
DISCUSSION
Results with different solutes such as 1 molal sucrose plus KCl, and a salts mixture of NaCl, KCl, and Na2SO4, although not reported here, indicated that the availability of water in the solution or substrate was most accurately described by the a, of the medium. Osmotic pressure was not used to describe the status of water in the substrate since it does not adequately explain the response of microorganisms to a gelled particle. Loeb (1922) noted that the osmotic pressure of a solution of gelatin was negligible when compared with the same weight concentration of gelled gelatin particles. It is true, however, that the a. of a medium may be calculated from the molal osmotic coefficient by a derivation of the Gibbs Duhem equation (Scott, 1957) , if the solute is not a hydrophilic colloid.
That the results have not been caused by salt tolerant mutants is indicated by the following: (i) the results are similar regardless of the solute(s) employed, including sucrose; (ii) it seems extremely unlikely that mutants would be active at near limiting au, levels which caused increasingly longer lag times and generation times as the a. was lowered; and (iii) Scott (1957) The striking effect of a,,, on the apparent lag phase of microorganisms has also been reported by Sakaguchi (1959) who used Pediococcus soyae while studying the effects of osmotic pressure on growth.
It is apparent with P. fluorescenrs and A. aerogenes that the available water requirements of both organisms are different under different environmental conditions. The tolerance of both organisms to low a,,, was greatest under optimal conditions and least under adverse environmental conditions. The apparent lag phase and the generation time were shortest under optimal conditions and longest under adverse environmental conditions. The effects observed with both organisms were more pronounced if more than one condition was made adverse. Therefore, the moisture requirements of both organisms varied with the temperature and pH and with A. aerogenes in the presence or absence of malate. The application to preservation of food and to cultivation of bacteria in the laboratory is obvious.
SUMMARY
The effect that solute concentration, expressed as water activity or as available water (a,), has on the apparent lag phase and the logarithmic phase of growth of Aerobacter aerogenes in a tryptone, yeast extract broth was studied. The effect of water activity was studied at different temperatures and pH values, and in the presence and absence of malate. The a,, of the medium was adjusted by the use of KCl.
It was found that as the a,,, was lowered from a favorable level by the addition of KCl, the apparent lag phase and the generation time 1961] were progressively lengthened, at any one temperature, until growth was prevented.
As the temperature was decreased below the optimal for rate of growth (37 C) the lower limit of a,, for growth was raised progressively. The apparent lag phase and the generation time were also proportionally longer at low values of a,t than would normally be expected for the drop in temperature.
When the pH of the medium was acid, the tolerance of the organism to low a,, was less than within the optimal pH range. The apparent lag phase and the generation time were longer at the adverse pH values than within the optimal pH range. When the pH of the medium was alkaline, the tolerance of the organism to low a,,, was greater than at pH 7.0. The apparent lag phase was shorter at the alkaline pH than at 7.0 at low a,,, levels. GCenerally, the generation time was longer at the alkaline pH.
When both the pH and the temperature were made unfavorable the lower limit of a,, for growth was higher than if only one condition was made adverse. The apparent lag phase and the generation time were lengthened by the combination of these two factors to a greater extent than if only one factor was made adverse.
In the presence of malate, A. aerogenes needed less water for growth than in its absence.
